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he guinea pig sperm protein fertilin functions in sperm–egg plasma membrane binding. Fertilin is initially present in the
lasma membrane of the whole head in testicular sperm, then becomes concentrated into the posterior head domain during
pididymal passage. Fertilin remains localized to the posterior head plasma membrane following the acrosome reaction,
hen it functions in sperm–egg interaction. Fluorescence redistribution after photobleaching was used to examine the
ateral mobility of fertilin in both acrosome-intact and acrosome-reacted sperm. Fertilin exhibited highly restricted lateral
obility in both testicular and epididymal sperm (D < 10210 cm2/s). However, fertilin in acrosome-reacted sperm was highly
mobile within the membrane bilayer (D 5 1.8 3 1029 cm2/s and %R 5 84). Measurement of the lateral mobility of fertilin
n capacitated, acrosome-intact sperm revealed two populations of cells. In approximately one-half of the cells, lateral
obility of fertilin was similar to sperm freshly isolated from the cauda epididymis; while in the other half fertilin was
ighly mobile. The release of fertilin from interactions that restrict its lateral mobility may regulate its function in
perm–egg interaction. © 2001 Academic Presse
t
s
p
i
a
w
r
l
g
m
r
bINTRODUCTION
The interaction of sperm and egg at fertilization is a
highly regulated process that entails a series of interactions
between sperm and egg components. To ensure the fidelity
of these interactions, temporal regulation of the availability
of binding components is a common theme during fertili-
zation. The binding of mammalian sperm and egg plasma
membrane is thought to involve the sperm membrane
protein fertilin, a member of the MDC (metalloprotease,
disintegrin containing) family of proteins (Blobel et al.,
1992; Wolfsberg et al., 1993) and an integrin on the egg
plasma membrane (Snell and White, 1996; Wasserman,
1999; Primakoff and Myles, 2000). Fertilin has been shown
to be involved in sperm–egg plasma membrane interactions
in several mammalian species, and the most recent evi-
dence suggests that fertilin most likely functions in specific
1 To whom correspondence should be addressed. Fax: (860) 679-
b1039. E-mail: acowan@nso2.uchc.edu.
502binding to receptors in the egg plasma membrane prior to
membrane fusion (Cho et al., 2000).
In the guinea pig, fertilin is a heterodimer composed of
the related proteins fertilin a and fertilin b. Both fertilin a
and b are synthesized as precursor proteins (pro-a and
pro-b). Fertilin first appears in the plasma membrane of
longating spermatids as an a, pro-b dimer, and is localized
o the whole head plasma membrane domain in testicular
perm. During sperm maturation in the epididymis, the
ro-b subunit is processed to b, and fertilin is redistributed
nto the posterior head plasma membrane region (Phelps et
l., 1990; Hunnicutt et al., 1997; Lum and Blobel, 1997),
here it remains through capacitation and the acrosome
eaction. For clarity, a diagram showing changes in fertilin
ocalization and structure is presented in Fig. 1. Although
uinea pig fertilin is localized to the posterior head plasma
embrane of both acrosome-intact sperm and acrosome-
eacted sperm, it functions in sperm–egg plasma membrane
inding only after the acrosome reaction.
Many proteins involved in cell–cell interactions haveeen found to be free to diffuse laterally in the plasma
0012-1606/01 $35.00
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503Guinea Pig Fertilinmembrane. Free diffusion of cell adhesion molecules is
thought to be functionally important in that it allows the
recruitment of receptors to sites of cell–cell contact, thus
increasing the avidity of relatively low affinity interactions
(McClosky and Poo, 1986; Chan et al., 1991; Dustin et al.,
1996). To determine whether this is the case for fertilin, we
determined the lateral mobility of fertilin on acrosome-
intact and acrosome-reacted cells using fluorescence redis-
tribution after photobleaching (FRAP). Our results indicate
that fertilin is largely immobile on acrosome-intact sperm.
However, after the acrosome reaction, fertilin exhibits a
22-fold increase in diffusion coefficient, and is highly mo-
bile in the plasma membrane of acrosome-reacted sperm.
The increase in lateral mobility can also occur during
capacitation, but capacitation is not required for the in-
creased mobility of fertilin following the acrosome reaction
because Ca21 ionophore induces the acrosome reaction and
n increase in the lateral mobility of fertilin while bypass-
ng capacitation.
METHODS
Cell Isolation and Fluorescence Labeling
Testicular sperm were isolated by macerating a testis from a
Hartley male retired breeder guinea pig in Hank’s balanced salt
solution lacking calcium (HBSS-Ca21) in the presence of 10 mg/ml
DNase I (Sigma). Cells were pelleted and layered on step gradients
of 70 and 50% Percoll in Hepes-buffered saline (HBS), centrifuged at
12,000g for 10 min, and the band of testicular sperm removed from
21
FIG. 1. Diagram of changes in localization and structure of guine
imer of a/pro-b that is present in the whole head plasma memb
ecomes concentrated in the posterior head plasma membrane. Afte
egion, where it is thought to participate in sperm–egg plasma methe 70/50% interface. Cells were washed once in 10 vol HBSS-Ca ,
and resuspended at approximately 107/ml.
Copyright © 2001 by Academic Press. All rightEpididymal sperm were collected from Regions IV–VII (Hunni-
cutt et al., 1997) of the dissected epididymis into HBSS-Ca21. Cells
ere pelleted and resuspended at 107–108/ml.
Capacitation and the acrosome reaction. For capacitation,
ells were collected from region VII of the epididymis in saline.
hen, 5 3 106 cells were added to 1.5 ml modified Tyrode’s
medium (mT) lacking calcium and containing 0.3% fatty acid free
BSA, and overlain with mineral oil. Cells were incubated 16 h
overnight at 37°C. The acrosome reaction was initiated by addition
of 2 mM Ca21. After incubation for 15 min, acrosome-reacted cells
were collected by centrifugation and resuspended in either mT
medium or HBSS-Ca21.
Ionophore-induced acrosome reaction. For ionophore-induced
crosome-reacted cells, sperm collected from the cauda epididymis
ere resuspended in Ca21 Hepes medium at 37°C, and 1 mg/ml
onomycin (Sigma) was added. After 15 min, cells were washed by
entrifugation through a 3% BSA solution and resuspended in
BSS-Ca21.
Production of the Fab fragment of the PH-31 mAb and conjuga-
tion to rhodamine isothiocyanate were done exactly as described in
Cowan et al. (1997). Cells were incubated with Fab fragments of
PH-31 mAb for 20 min at room temperature, and washed by
pelleting through 3% BSA in the appropriate cell medium. Testicu-
lar sperm are largely immobile, and were mounted on clean glass
slides for analysis. For acrosome-intact epididymal sperm, cells
were immobilized for photobleaching experiments by embedding
the cells in a thin agarose pad exactly as described in Cowan et al.
(1987); using this technique, one can find sperm that have the head
region immobilized, but with the posterior portion of the tail
beating in a pocket in the agarose. Only such sperm with demon-
strated motility were used in FRAP experiments. Acrosome-
reacted sperm were mounted on clean glass slides. The heads of
acrosome-reacted sperm adhere tightly to the surface of a clean
glass slide, while the tail beats with a vigorous hypermotile beat
fertilin. At the end of testicular development, fertilin exists as a
. During epididymal passage, pro-b is processed to b, and fertilin
acrosome reaction, fertilin remains localized to the posterior head
ne interactions.a pig
ranepattern (Cowan et al., 1987).
s of reproduction in any form reserved.
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504 Cowan et al.Fluorescence Redistribution after Photobleaching
Analysis
Fluorescence photobleaching experiments were performed essen-
tially as described previously (Cowan et al., 1997). A line photobleach-
ng protocol was used, in which the laser beam is defocused along one
xis to generate a focused line on the cell. The line photobleaching
rotocol reduces the analysis of diffusion to a one-dimensional prob-
em. The line is sequentially positioned at 12 discrete points on the
ell by using a galvanotropic mirror. A photomultiplier tube is used to
btain fluorescence intensity measurements at each of the 12 posi-
ions in a series of scans before and after the sample is bleached at one
osition with a high intensity laser beam. The scan axis was generally
ositioned at 90° to the anterior–posterior axis of the cell. Rotating the
pecimen such that the scan axis was positioned parallel to the
nterior–posterior axis did not affect the results.
The data analysis assumes that the prebleach scans show a combi-
ation of (1) an inhomogeneous intensity and (2) a slow drift that
ecomes apparent with the postbleach scans. This is taken into
ccount by first applying the Marquardt–Levenberg iterative curve-
tting algorithm (MLAB reference manual; Civilized Software, Inc.,
ethesda, MD) fitting the prebleach scans to some function (e.g., a
ix-parameter Fourier function) that fits the data. The Fourier func-
ion is then placed as a multiplier in the postbleach scans, with only
he drift velocity as a single floating parameter to make the prebleach
cans fit the rest of the normalized postbleach data. The Marquardt–
evenberg algorithm then fits the postbleach scans,
F1(xj, tk) 5 F0(xj, tk)[1 2 f(xj, tk)], [1]
where F0(xj, tk) is the Fourier transform of the prebleach data, with
f(xj, tk) taking the functional form of Koppel (1979) and Cowan et al.
1997),
(xj, tk) 5
A
(1 1 4Dtk/w2)1/(2d)
expF2 (xj 2 x0 1 vtk)2/w2(1 1 4Dtk/w2) G
1 B exp[2(xj 2 x0 1 vtk)2/w2] 1 C, [2]
here v is a postbleach drift velocity, D is the diffusion coefficient, w
s the width of the bleaching beam, C takes into account the possible
ffset of the bleaching beam by scattering, d is the dimensionality (1
quals the one-dimensionality provided by the cylindrical lens) of the
leaching configuration, and the percentage recovery, %R, equals
00 3 A/(A 1 B). This analysis allows one to extrapolate the data,
heoretically, to long distances relative to the position of the bleach.
fter analysis in the spatial domain, the data were analyzed in Fourier
ransform space as described in Cowan et al. (1997).
In some cases, the restricted lateral mobility of fertilin, coupled
ith a low intensity of fluorescence at a single point, resulted in a
echnical difficulty in following the fluorescence recovery for a
ufficient time to obtain an accurate value for the percent recovery.
n these cases, the recovery was arbitrarily set to 100%, and D
etermined on this basis. D for such cells was included in the
esults, but %R was not.
RESULTS
Fertilin in the Posterior Head Domain of Cauda
Sperm Exhibits Restricted Lateral Diffusion
To assess the lateral mobility of fertilin in the posterior
head plasma membrane of acrosome-intact sperm, fluores-
Copyright © 2001 by Academic Press. All rightence redistribution after photobleaching (FRAP) analysis
as performed on intact, beating cells. Fertilin was labeled
y using a rhodamine-conjugated Fab fragment of the PH-31
Ab, which recognizes the b subunit of guinea pig fertilin,
nd the labeled sperm were embedded in agarose on a
icroscope slide for FRAP analysis (see Methods). As
hown in Fig. 2A and Table 1, fertilin in acrosome-intact
perm exhibited highly restricted mobility. The average
iffusion coefficient (D) for the mobile fraction of fertilin
as D 5 8.1 3 10211 cm2/s. Where measurable, the mobile
fraction, or the percent of the population exhibiting diffu-
sion (fluorescence recovery, %R), was 45%. In other words,
45% of the fertilin population showed limited lateral diffu-
sion, while 55% of the population exhibited a diffusion
coefficient too low to be measured or the population did not
diffuse at all. These results indicate that fertilin in
acrosome-intact sperm is largely restricted from diffusing
laterally, and suggest that it is bound to immobilizing
elements in either the extracellular or intracellular regions.
Fertilin in Acrosome-Reacted Sperm Exhibits
Rapid Lateral Diffusion
Although lateral diffusion of fertilin was found to be
highly restricted in acrosome-intact sperm, two events
(capacitation and the acrosome reaction) must still occur
before fertilin interacts with the plasma membrane of the
egg. We thus determined the D and %R for fertilin on
capacitated, acrosome-reacted sperm. Unlike mouse sperm,
Ca21 is not necessary for guinea pig sperm to undergo
capacitation. In fact, the inclusion of Ca21 in MT medium
auses guinea pig sperm to spontaneously acrosome react
nce capacitated. Therefore, sperm were capacitated by
vernight incubation in MT medium without calcium,
hen induced to acrosome react by the addition of Ca21. The
crosome-reacted sperm were then labeled with rhodamine-
H-31 Fab fragments, and applied to a clean glass slide,
hich immobilizes the sperm head but leaves the tails
eating freely (see Methods). Analysis of the capacitated,
crosome-reacted sperm using FRAP indicated that fertilin
xhibited an average D 5 1.8 3 1029 cm2/s (Fig. 2B, Table 1),
a 22-fold increase in lateral mobility compared to freshly
isolated cauda sperm. Similarly, the mobile fraction of
fertilin increased to 84%. These data indicate that when
fertilin functions in sperm–egg interaction, it is free to
diffuse laterally. The results also show that because fertilin
on these sperm remains polarized to the posterior head
domain even though it is highly mobile, its restriction
within the posterior head domain is the consequence of
barriers to diffusion at the domain boundary.
Lateral Diffusion of Fertilin Is Initiated
during Capacitation
To better determine the timing of the release of fertilin
from its restraints to lateral mobility, we next examined the
lateral mobility of fertilin in capacitated sperm. Sperm were
s of reproduction in any form reserved.
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505Guinea Pig Fertilincapacitated overnight in MT medium lacking added cal-
cium, then mounted in low melting temperature agarose for
FRAP analysis. Our results indicate that there appears to be
FIG. 2. Fluorescence redistribution after photobleaching of fertili
perm head. Solid lines indicate fits to Eq. 1 (see Methods). Cro
pididymal sperm; (B) acrosome-reacted sperm; (C) capacitated sper
iffusion; (E) ionophore-reacted sperm (note different time scale); (two populations of cells with regard to fertilin lateral h
Copyright © 2001 by Academic Press. All rightobility. Approximately one-half of the cells exhibited D
nd %R indistinguishable from fresh cauda sperm (D 5
.78 6 0.52 3 10210 cm2/s; %R 5 53 6 11), while the other
en circles show fluorescence intensity at each of 12 points on the
beneath each curve show the residuals from the fits. (A) Cauda
hibiting restricted diffusion; (D) capacitated sperm exhibiting free
ticular sperm.n. Op
ssesalf exhibited lateral mobility more comparable to
s of reproduction in any form reserved.
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506 Cowan et al.acrosome-reacted sperm (19.0 6 12.0 3 10210 cm2/s; %R 5
74 6 23; Table 1, Figs. 2C and 2D). As the degree of
capacitation (i.e., those sperm capable of supporting an
acrosome reaction upon the addition of calcium) in a sperm
population is highly variable (;50% by this method), and
because we cannot visually distinguish capacitated and
noncapacitated sperm, we suspected we are detecting both
populations of sperm (uncapacitated sperm with restricted
mobility of fertilin and capacitated sperm with fertilin
freely mobile) within our sample. The results suggested,
therefore, that fertilin is released from the constraining
elements during capacitation.
Capacitation Is Not Required for the Increase
in Lateral Diffusion of Fertilin
Using a calcium ionophore, the acrosome reaction can be
induced in guinea pig sperm within minutes of its addition,
bypassing the hours of incubation of capacitation. Fresh
cauda epididymal sperm were induced to undergo an acro-
some reaction by using the Ca21 ionophore ionomycin.
After 15 min, cells were pelleted through 3% BSA, then
fluorescently labeled with the rhodamine-labeled Fab frag-
ment of the PH-31 mAb. Because ionophore was no longer
present, the cells regained hyperactivated motility under
these conditions. The sperm were mounted on clean glass
microscope slides. FRAP analysis of these sperm revealed
that fertilin exhibited a high degree of lateral mobility
within the posterior head domain, equivalent to that of
cells acrosome reacted by the addition of calcium after in
vitro capacitation (Fig. 2E and Table 1). These results
indicate that capacitation is not required for the increase in
fertilin lateral motility.
Fertilin in the Whole Head Plasma Membrane
of Testicular Sperm also Exhibits Restricted
Lateral Diffusion
Restricted mobility of fertilin in the plasma membrane of
acrosome intact sperm might be a consequence of the
TABLE 1
Diffusion Coefficients and % Recoveries for Fertilin on Sperm
during Testicular Maturation, Capacitation, and the Acrosome
Reaction
Type of sperm D(31010 cm2/s) N % Recovery N
esticular 0.61 6 0.5 9 32 6 12 7
pididymal 0.80 6 0.63 9 45 6 31 4
apacitated 7.46 6 11.41 16 66 6 22 16
Slow only 0.78 6 0.52 10 67 6 21 8
Fast only 19 6 12 6 53 6 11 6
crosome-reacted 18 6 7 15 84 6 13 14
onophore-reacted 48 6 20 13 77 6 8 13mechanisms involved in redistributing fertilin from a b
Copyright © 2001 by Academic Press. All righthole head distribution to the posterior head. We therefore
xplored whether fertilin was initially immobilized in tes-
icular sperm. As shown in Fig. 2F and Table 1, fertilin in
esticular sperm exhibited little or no lateral mobility. The
verage D for the mobile fraction of fertilin was D 5 7.1 3
0211 cm2/s. Where measurable, the %R, or the percent of
he population exhibiting diffusion, was 32%. Further, we
id not see any evidence for a difference in lateral diffusion
f fertilin in the anterior head domain as compared to the
osterior head domain in testicular sperm.
DISCUSSION
Our results indicate that fertilin is largely immobilized
on the cell surface of guinea pig sperm collected from the
testis and epididymis. However, following the acrosome
reaction and/or in vitro capacitation, fertilin undergoes a
substantial increase in lateral mobility. These results are
summarized in Fig. 3.
Although the function of fertilin is still unclear, the bulk
of the evidence to date suggests that fertilin plays an
essential role in sperm binding to the egg plasma membrane
(Primakoff and Myles, 2000; Wasserman, 1999). A fertilin b
knock-out mouse expresses neither fertilin a nor fertilin b
on the cell surface, is extremely deficient in sperm–egg
binding in vitro, and exhibits dramatically reduced fertility
(Cho et al., 2000). Our results demonstrate that fertilin
exhibits a large increase in lateral mobility following the
acrosome reaction, so that at the time of sperm/egg inter-
action it is highly mobile. Free lateral mobility of proteins
involved in cell–cell interactions allows recruitment of
proteins to the site of cell–cell contact, which strengthens
the interaction (Bell, 1978; Baltz and Cardullo, 1989; Chan
et al., 1991). Thus, the release of fertilin from immobilizing
constraints could play an important role in regulating
sperm–egg interaction. It is interesting to note that other
sperm surface proteins with proposed roles in sperm–egg
interaction also show rapid lateral diffusion, including
PH-20 protein in guinea pig (D 5 5 3 1029 cm2/s; %R . 80
in acrosome-reacted sperm; Cowan et al., 1987) and b-1,4-
galactosyltransferase in mouse (D 5 2–5 3 1029 cm2/s;
%R ; 50; Cardullo and Wolf, 1995).
Unrestricted diffusion of fertilin in acrosome-reacted
sperm implies a specialized organization of the boundary
regions that prevent fertilin from diffusing out of the
posterior head region. Similar conclusions have been
reached for other plasma membrane proteins in mamma-
lian sperm. For example, CE-9 protein in the rat (Nehme et
al., 1993) and PT-1 protein in guinea pig (Myles et al., 1984),
both exhibit unrestricted diffusion in the posterior tail
domain. Similarly, b-1,4-galactosyltransferase is freely dif-
using within the posterior head domain in mouse sperm
Cardullo and Wolf, 1995), and PH-20 protein exhibits rapid
ateral mobility in the inner acrosomal membrane of
crosome-reacted guinea pig sperm (Cowan et al., 1987). A
arrier to membrane protein diffusion at domain bound-
s of reproduction in any form reserved.
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membrane structures, submembraneous cytoskeletal as-
semblies, and differential solubility of lipid components.
Whatever the structure, it seems clear that the barriers
exhibit some selectivity. There is evidence that lipids freely
traverse at least some domain boundaries (Wolf and Vogl-
mayr, 1984; Cardullo and Wolf, 1990; Mackie et al., 2001),
and cases where specific membrane proteins traverse barri-
ers during relocalization events (Myles and Primakoff,
1984; Jones et al., 1990; Nehme et al., 1993).
The cause of the immobility of the fertilin complex in
esticular sperm and cauda epididymal sperm is not known.
revious studies have reported significant immobile frac-
ions for fluorescent lipid probes in the plasma membrane
f several species of mammalian sperm (Wolf et al., 1990;
mith et al., 1998; Wolfe et al., 1998; James et al., 1999).
The existence of such immobile lipids implies that domains
of fluid crystalline lipid structure exist in the plasma
membrane. Further, for these lipid probes, both the size of
the immobile fraction and D differed among plasma mem-
brane domains. It has thus been proposed that preferential
solubility within a fluid-crystalline domain could immobi-
lize and/or potentially localize sperm plasma membrane
proteins. The recent finding that caveolin lipid rafts exist in
both murine and guinea pig spermatozoa lends further
support for the existence of specialized lipid domains in
sperm (A. J., Travis, T. Merdiushev, L.A.V., M. A. Purdon,
B. H. Jones, S. B. Moss, G.R.H., and G. S. Kopf, manuscript
in preparation). If fertilin was preferentially localized to
such lipid domains, changes in lipid organization observed
during capacitation (Wolf et al., 1986; Smith et al., 1998;
FIG. 3. Diffusion coefficients measured for fertilin in different
capacitated sperm; AR, acrosome-reacted sperm; Iono-AR, ionophoJames et al., 1999) could be responsible for the increase in
Copyright © 2001 by Academic Press. All rightlateral mobility of fertilin observed following the acrosome
reaction. However, neither significant immobile lipid frac-
tions in the posterior head domain nor differences in D for
lipid probes in different plasma membrane domains have
been found in guinea pig sperm, (Cowan et al., 1987; Wolfe
et al., 1998). Furthermore, fertilin was not found to copurify
with caveolin-containing membrane rafts isolated by non-
detergent methods (unpublished results).
Alternatively, the relative immobility of the fertilin com-
plex in testicular sperm and cauda epididymal sperm could
result from an interaction of the protein with an immobi-
lizing network such as the intracellular cytoskeleton, or
possibly an extracellular matrix. The cytoplasmic domain
of guinea pig fertilin a is comprised of numerous EP repeats,
a protein motif that has been implicated as being involved
in protein–protein interactions including interactions with
SH3-domain containing proteins and the cytoskeleton.
However, standard detergent-extraction techniques do not
indicate that a substantial amount of fertilin is retained in
a detergent-insoluble matrix (results not shown, and Cho et
al., 2000 and references therein). Clearly, more experiments
need to be done to identify whether fertilin interacts
specifically with intracellular proteins using both bio-
chemical and molecular genetic approaches.
Our results indicate that in vitro capacitation per se is not
required for the release of interactions that reduce fertilin
mobility, because fertilin in sperm acrosome reacted using
ionophore exhibit the same dramatic increase in lateral
mobility. Based on these studies, we can suggest two
possible mechanisms for the increase in lateral mobility.
First, a small rise in intracellular free calcium during
sperm. T sp, testicular sperm; Epid Sp, epididymal sperm; Cap,
rosome-reacted sperm.capacitation could trigger release of fertilin from restraining
s of reproduction in any form reserved.
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508 Cowan et al.interactions. Florman (1994) demonstrated a rise in intra-
cellular Ca21 concentrations during capacitation in mouse
perm. A small rise in intracellular calcium during capaci-
ation may be sufficient for release of fertilin from diffu-
ional constraints, but not sufficient for initiating the
crosome reaction. Alternatively, other changes that typi-
ally occur during capacitation may cause the release of
ertilin from restraining interactions; these include choles-
erol efflux from the plasma membrane (Visconti et al.,
999), protein kinase A activation via increased cAMP,
Visconti et al., 1995), and phosphorylation of a number of
roteins by a tyrosine kinase (Aitken et al., 1998; Visconti
nd Kopf, 1998).
In testicular sperm, fertilin is localized to the whole head
lasma membrane. During transit through the epididymis,
ertilin in the anterior head domain is recruited into the
osterior head plasma membrane. The fact that fertilin is
argely immobile both before and after the relocalization is
onsistent with the hypothesis that fertilin is actively
oved into the posterior head. The mechanisms that initi-
te the redistribution are unknown. However, coincident
ith the relocalization, the pro-b subunit of fertilin is
cleaved, resulting in a fertilin complex of a and b subunits
Blobel et al., 1990; Hunnicutt et al., 1997). It is possible
hat cleavage of pro-b signals a conformational change in
the dimer that is transmitted to the cell via the cytoplasmic
tail. In mouse, it has been suggested that fertilin b may also
ndergo processing of its N-terminal domain during epi-
idymal maturation (Cho et al., 2000); this also could be
elevant to triggering the change in localization. Alterna-
ively, the trigger for relocalization could be completely
ndependent of fertilin processing. Other plasma membrane
roteins in testicular sperm are also relocalized at the same
ime (Phelps et al., 1990). Some (e.g., PH-20 protein) are
imilarly concentrated in the posterior head plasma mem-
rane domain, while others (e.g., AH-20) are concentrated
n the anterior head plasma membrane domain. It is inter-
sting to note that PH-20 protein also exhibits restricted
iffusion in testicular sperm (Phelps et al., 1988). This in
tself is somewhat unusual as PH-20 is a GPI anchored
rotein, and thus cannot interact directly with the cytoskel-
ton. In addition, PH-20 is relatively mobile (D 5 2 3 10210
cm2/s, %R 5 73) in sperm from the cauda epididymis
(Cowan et al., 1987). It is tempting to speculate that
immobilization of both PH-20 and fertilin during epididy-
mal passage may be related to their relocalization. Both
proteins are then apparently released from these interac-
tions so that they are free to diffuse laterally when they
function in sperm egg interaction.
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